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Following the data gathering operation, the data will What is claimed is: 
typically be reported to a data analysis operation. To facili- 1. A method for producing a cluster of surface-modified 
tate the analysis operation, the data obtained by the detection metallic colloid comprising (1) metallic colloid comprising 
unit will typically be analyzed using a digital computer such a metal and (2) a Raman-enhancing organic molecule on a 
as that described above. Typically, the computer will be 5 surface of the metallic colloid, the method comprising: 
appropriately programmed for receipt and storage of the data preparing a solution comprising cations of the metal and 

a reducing agent by dissolving the cations and the 
"in the solution, subsequently heating the 



T . . . ,. . r .u ■ . i , solution to produce the metallic co lloid, modifying the 

In certain embodiments of the invention, custom designed ,„ „„ t „ li: „ u .. ^„u:„„ «. J p„l„_ I 



metallic colloid by attaching thel Raman enhancingl 
software packages may be used to analyze the data obtained molecule to the surface of th e metallic colloid ' 

from the detection unit In alternative embodiments of the tQ produce ^ l surface modified] metallic colloid, 

invention, data analysis may be performed, using an infor- wherdn the Ram k n - en nancing organ ic molecule com- 

mation processing system and publicly available software prises a moiely mat has m amnity for the meta u ic 

packages. 15 colloid and another moiety that has an affinity for a 

The invention will be further understood with reference to biomolecule, and aggregating a plurality of the surface- 

the following examples, which are purely exemplary, and modified metallic colloid to form the cluster of surface- 

should not be taken as limiting the true scope of the present modified metallic colloid. 

invention as described in the claims. 2. The method of claim 1, wherein the reducing agent is 

20 citrate or borohydride. 
EXAMPLE 1 3 - The method of claim 1, wherein said heating is per- 

formed for at least about 30 minutes. 
Preparation of Silver Colloids 4. The method of claim 1, wherein said heating is per- 

formed for at least about 60 minutes. 
A: To a 250 mL round bottom flask equipped with a 25 5 - ^ method of claim wherem said heatin S is Pa- 
sturing bar, was added 100 mL de-ionized water and 0.200 formed usm K microwaves. 

mLof a 0.500 M silver nitrate solution. The flask was shaken 6 ^ method of c ^im 1, wherein said heating is per- 
to thoroughly mix the solution. 0.136 mL of a 0.500 M iormed usin g a convection oven. 

sodium citrate solution was then added to the flask using a 7 - Th e method of claim 1, wherein the metal is silver, 

200 ul pipette. The flask was then placed in a heating mantle gold, platinum, or aluminum. 

and the stirrer was set at medium speed. A water cooled 8. The method of claim 1, wherein the Raman-enhancing 
condenser was attached to the flask and heating commenced. organic molecule is a bifunctional organic molecule. 
The heating mantle was applied at maximum voltage, result- 9. The method of claim 1, wherein the Raman-enhancing 
ing in boiling of the solution between 7 and 10 minutes. J5 organic molecule contains sulfur. 

Color changes occur within 120 seconds of boiling. The 10. The method of claim 1, wherein the Raman-enhancing 
heating is stopped after 60 minutes, the solution is cooled to organic molecule has a molecular weight less than about 500 
room temperature and the resulting colloidal suspension is Daltons. 

transferred to a 100 mL glass bottle for storage. 11. The method of claim 1, wherein the Raman-enhancing 

B: To a 250 mLPyrex glass bottle with 100 mLultrapure 40 organic molecule contains a thiol moiety or a disulfide 
water, was added 1 . mL of a 0.500M silver nitrate solution. moiety. 

This solution was mixed well prior to addition of 0.5 mL of 12. The method of claim 1, wherein the Raman-enhancing 
a 0.500M sodium citrate solution. About 3 grams of PTFE organic molecule is thiomalic acid, L-cysteine diethyl ester, 
boiling stones (6 mm, VWR) were then placed into the S-carboxymethyl-L-cysteine, cystamine, or meso-2,3- 
bottle. A cap was placed on the bottle but not screwed 45 dimercaptosuccinic acid. 

tightly, and the bottle was placed in the center of a micro- 1-3. The method of claim 1, wherein the solution is an 

wave oven (1350 Watt, Panasonic Model NN_S553BF, Type aqueous solution. 

S333). The heating profile was programmed as follows: P10 14. The method of claim 1, wherein said subsequent 
(maximum power) for 90 seconds and P2 (20% maximum heating the solution is performed at a temperature of about 
power) for 3:30 minutes. The solution begins to boil in about 50 95° C. 

60 seconds and color changes occur at 110-120 seconds. 15. The method of claim 1, wherein the metallic colloid 

After heating the microwave for 5 minutes, the bottle is produces a higher SERS signal than that produced by 
immediately removed and transferred to a convection oven another metallic colloid comprising the same metal except 
set at 95° C. (model MO1440SA, Lindberg/Blue, Ashville, that the another metallic colloid is produced by titrating the 
N.C.). The bottle is removed from the convection oven and 55 cations and the reducing agent in the solution at a near 
the final volume of the suspension is adjusted to 100 mL boiling point temperature. 

with ultrapure water. A typical Raman spectrum is given in 16. The method of claim 15, wherein the metallic colloid 
FIG. 1. To compare the Raman enhancement with the best produces at least about 50% higher SERS signal than that 
lot obtained from a titration method, the peak height at wave produced by the another metallic colloid, 
number 1320 cm" 1 was normalized by that of the best lot ^ 17. The method of claim 1, wherein the cations and 
from the titration method. Data from several preparations reducing agent are each present in the aqueous solution at a 
using the microwave method are given in FIG. 2. concentration of about 0.5 M or higher than 0.5 M. 

Although the invention has been described with reference 18. The method of claim 1, wherein the metallic colloid 

to the above example, it will be understood that modifica- has a Raman signal that is 50% or more than that of a silver 
tions and variations are encompassed within the spirit and 65 colloid prepared by a titration method wherein a boiling 
scope of the invention. Accordingly, the invention is limited silver nitrate solution is titrated with a sodium citrate solu- 
only by the following claims. tion to produce the silver colloid. 
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19. The method of claim 1, wherein the metallic colloid 
is formed by aggregating a plurality of the metallic particles 
to form clusters ranging from about 50 nm to 200 nm. 

20. A method for producing a cluster of surface-modified 
metallic colloid comprising (1) metallic colloid comprising 
a metal and (2) a Raman-enhancing organic molecule on a 
surface of the metallic colloid, the method comprising: 

preparing a solution comprising cations of the metal and 
a reducing agent by dissolving the cations and the 
reducing agent in the solution, subsequently heating the 
solution to produce the metallic colloid, modifying the 
metallic colloid by attaching the Raman-enhancing 
organic molecule to the surface of the metallic colloid 
to produce the surface-modified metallic colloid, 
wherein the Raman-enhancing organic molecule com- 
prises a moiety that has an affinity for the metallic 
colloid and another moiety that has an affinity for a 
biomolecule, and 
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aggregating a plurality of the surface-modified metallic 
colloid to form the cluster of surface-modified metallic 
| colloid. | wherein the cluster has a size ranging from 
about So nm to 200 nm. 

21. The method of claim 1, wherein the metallic colloid 
has a Raman signal that is about 140% to 180% more than 
that of a silver colloid prepared by a titration method 
wherein a boiling silver nitrate solution is titrated with a 

to sodium citrate solution to produce the silver colloid. 

22. The method of claim 1, wherein the cluster of surface- 
modified metallic colloid has a Raman signal that is greater 
than that of a silver colloid prepared by a titration method 

15 wherein a boiling silver nitrate solution is titrated with a 
sodium citrate solution to produce the silver colloid. 



